Histologic sections of crop tissue were evaluated for the presence of lymphoplasmacytic infiltrates within mesenteric ganglia. All birds with proventricular dilatation syndrome that had lymphoplasmacytic infiltrates in crop ganglia had similar infiltrates in the proventricular and/or ventricular ganglia. False-negative crop biopsy results occurred approximately 24% of the time. More invasive procedures, such as proventricular or ventricular biopsy, may be necessary if the crop biopsy is nondiagnostic in a bird with clinical signs of proventricular dilatation syndrome.
by lymphoplasmacytic infiltrates within proventricular and/ or ventricular ganglia, were included in the study. Twentynine birds met the criteria. Tissue specimens from 12 of the 29 birds were obtained from the pathology archives at the University of Georgia College of Veterinary Medicine. The remaining 17 birds were necropsied at the University of Georgia College of Veterinary Medicine in a prospective study conducted between 1993 and 1994. The crops from these 17 birds were divided into 4 quadrants (Fig. 1) for more detailed histologic evaluation. Tissue specimens were obtained from various species of birds representing both genders and a variety of ages (Table 1) . All tissue specimens were fixed in 10% neutral-buffered formalin, processed routinely, embedded in paraffin, sectioned at 3 µm, and stained with hematoxylin and eosin (HE). Prepared tissue sections were evaluated by light microscopy for presence of lymphoplasmacytic infiltrates in ganglia and neurons of multiple organs, including the proventriculus, ventriculus, and crop. Occasionally, multiple tissue sections of the these organs had to be prepared to obtain ganglia.
Evaluation of tissue specimens. The histologic lesions of the crop, proventriculus, and ventriculus were evaluated and scored for statistical analysis (Tables 2, 3 ). The presence (1) or absence (0) of infiltrates within ganglia was recorded. Intensity of the infiltrates was designated as normal (< 1% of the ganglion contained lymphocytes or plasma cells; Fig. 2a ), minimal (1-5% of the ganglion had lymphoplasmacytic infiltrates; Fig. 2b ), mild (6-25% of the ganglion had lymphoplasmacytic infiltrates; Fig. 2c ), moderate (26-75% of the ganglion had lymphoplasmacytic infiltrates; Fig. 2d ), or severe (> 75% of the ganglion had lymphoplasmacytic infiltrates; Fig. 2e ). The intensities were scored numerically from 0 to 4, respectively.
Statistical analyses. Student's 2-tailed t-test was used to determine if the presence or absence of lesions in the crop was significantly different (P < 0.01) from the presence or absence of lesions in the proventriculus or ventriculus. Pearson's r to z correlation was used to determine if a relationship existed between the presence of lesions in the crop and the presence of lesions in the proventriculus or ventriculus. A probability of <0.01 was considered significant for a hypothesized correlation ≥0.90.
Student's 2-tailed t-test was used to determine if the intensity of infiltrates in the crop was significantly different (P < 0.01) from the intensity of infiltrates in the proventriculus or ventriculus. Pearson's r to z correlation was used to determine if the intensity of crop lesions and the intensity of lesions in the proventriculus or ventriculus were associated. A probability of <0.01 was considered significant for a hypothesized correlation ≥0.90.
Pearson's r to z correlation was also used to determine if the intensity of lesions in the proventriculus or ventriculus had any relationship to the presence of lesions in the crop. A probability of <0.01 was considered significant for a hypothesized correlation ≥0.90. Similar analyses were conducted among the 4 quadrants and regions of the crop (Fig.  1 ) and the proventricular or ventricular lesions. Table 2 shows the prevalence of histologic lesions in the crop, proventriculus, and ventriculus. All 29 birds (100%) had lymphoplasmacytic infiltrates in either the proventriculus or ventriculus. Twenty-five (86%) had lymphoplasmacytic infiltrates in ganglia of the proventriculus, 18 (72%) of which also had lesions in the crop. Twenty-seven birds (93%) had lymphoplasmacytic infiltrates in the ganglia of the ventriculus. Nineteen (70%) of these birds also had lymphoplasmacytic infiltrates in the crop ganglia. Twenty-three birds (79%) had lymphoplasmacytic infiltrates in both the proventricular and ventricular ganglia. Sixteen birds (5 5%) had lymphoplasmacytic infiltrates in all 3 organs.
Results
Twenty-two (76%) of the 29 birds had lymphoplasmacytic infiltrates in the ganglia of the crop. Of these, 18 (82%) had lesions in the proventriculus, 19 (86%) had ventricular infiltrates, and 16 (73%) had lesions in both the proventriculus and ventriculus. All 22 birds with crop lesions had lesions in either the proventriculus or ventriculus. There was no significant difference in the presence or absence of lesions in the crop when compared with the presence of lesions in the proventriculus or ventriculus. No significant relationship was observed between the presence of lesions in the crop and the presence of lesions in the proventriculus or ventriculus.
Thirteen of the 22 birds with crop lesions were from the 17 necropsied birds whose crops were divided into quadrants and regions ( Fig. 1 ). Ten of these birds had lesions in quadrant I, 8 in quadrant II, 10 in quadrant III, and 9 in quadrant IV. Six of the 13 birds had lesions in all 4 quadrants of the crop; 1 bird had lesions in 3 quadrants (I, II, and IV, corresponding to both the cranial and left regions); and 4 birds had lesions in 2 quadrants: 2 had lesions in quadrants I and III (the right region of the crop), 1 had lesions in quadrants III and IV (the caudal crop region), and 1 had lesions in quadrants II and IV (the left region). The remaining 2 birds had lesions only in 1 quadrant (I and III, respectively) (Table 3) . No significant differences were found between the presence of lesions in the crop as a whole and the presence of lesions in the 4 quadrants and regions of the crop. The presence of lesions in crop quadrants I, II, III, IV, the right and left regions, and the cranial and caudal regions did not vary significantly from the presence or absence of lesions in the proven-triculus. Similar results were obtained when the presence of lesions in quadrants and regions of the crop was compared with the presence of lesions in the ventriculus; however, a significant difference was found between presence in quadrant II and presence in the ventriculus. The presence of lesions in quadrant II correlated significantly with the presence of lesions in the crop as a whole (r = 1.000), whereas the remaining quadrants did not show any correlation with the crop. No significant correlations were found between the presence of lesions in the crop quadrants or regions and the presence of lesions in the proventriculus or ventriculus.
The intensities of the infiltrates in the crop generally were either mild (n = 9) or severe (n = 8). Infiltrates in quadrants I (n = 6) and III (n = 7) generally were mild. Infiltrates in quadrants II and IV were equally distributed among mild, moderate, and severe. The intensities of proventricular infiltrates generally were mild (n = 20). Ventricular infiltrates generally were minimal (n = 8) or severe (n = 9). There was no significant difference in the intensity of lesions in the crop as compared with the intensity of lesions in the proventriculus or ventriculus. Intensities of the lesions in the 3 organs also had no significant correlation. No significant differences occurred between intensity of lesions in the crop quadrants and intensity of lesions in the proventriculus. Lesion intensities in quadrants I and III differed significantly from lesion intensity in the ventriculus. No significant correlation was found in intensities of lesions between crop quadrants and the ventriculus.
Discussion
Histologic evaluation of the crop appears to be a feasible alternative to more invasive biopsy procedures to diagnose PDS. Approximately 76% of the birds with PDS in this study had lesions in the crop. The probability of diagnosing PDS by histologic examination of a crop biopsy is dependent upon obtaining ganglia for examination and identifying lymphoplasmacytic infiltrates within these structures. However, lack of infiltrates within the crop does not preclude a diagnosis of PDS. Seven of the 29 birds in this study did not have discernible crop lesions; therefore, the probability of a false-negative result is approximately 24%. More invasive procedures, such as proventricular or ventricular biopsy, ultimately may be necessary for diagnosis of PDS if the crop biopsy is inconclusive. The presence and intensity of infiltrates did not vary significantly in most instances, suggesting that the 3 organs exhibit similar pathology. The correlations between the presence and intensities of lesions are < 90%; however, actual values ranged from approximately 38% to as high as 72%, suggesting these factors are associated to some degree. Lesions occurred in quadrant II in 88% of the crops that had lesions in 2 or more quadrants, which suggests that the strength of the relationship is due to the extent of crop involvement. It is less likely that the high correlation suggests that quadrant II is representative of the crop as a whole; there were fewer lesions in this quadrant than in the other 3 quadrants (Table 3) . However, quadrant II corresponds to the left cranial area of the crop (Fig. 1) . Potential traumatic dehiscence from tube feeding is less likely in this area, making it the preferred location for biopsy.
Birds with lymphoplasmacytic infiltrates in the crop but without concomitant lesions in the proventriculus and/or ventriculus were not observed. However, the likelihood of such an occurrence is rare, particularly when the medical history and clinical findings are suggestive of PDS.
The tissue sections evaluated in this study were larger than those usually obtained by biopsy, thus making lesion detection easier. The minimum amount of crop necessary to detect histologic lesions has not been determined. To increase the likelihood of detecting PDSassociated lesions, practitioners should obtain fullthickness crop biopsies for histologic examination of the ganglia. In addition, pathologists may require additional tissue sections from different levels in the paraffin block to obtain sufficient numbers of ganglia for histologic examination. Multiple sectioning may also increase the likelihood of detecting focal histologic lesions. Table 3 . Presence (+) or absence (-) of lymphoplasmacytic ininfiltrates in the ganglia of the crop, proventriculus, and/or ventricfiltrates in ganglia from various crop quadrants in 13 psittacine birds. ulus of 29 psittacine birds.
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